Bispectral index (BIS) monitoring can reduce the duration of anesthesia. This study aimed to evaluate the effects of BIS monitoring during surgery for resection of colon carcinoma in elderly patients using the Attention Network Test (ANT) to study alerting, orienting, and executive functions, and the Confusion Assessment Method (CAM).
Background
Advanced age is an independent risk factor for the development of postoperative cognitive dysfunction (POCD) [1] [2] [3] [4] [5] [6] . POCD is associated with increased mortality, decreased quality of life, and increased dependency [7, 8] . Therefore, it is important to develop strategies to reduce the incidence and severity of POCD. POCD includes impairment in memory, attention, information processing, and cognitive flexibility [9, 10] . Among these, attention networks have been proposed to consist of three functional components, alerting, orienting and executive control, which have specific anatomical and biochemical mechanisms in the brain [11] [12] [13] .
Monitoring of the depth of anesthesia can now be undertaken using the bispectral index (BIS), which has been shown to reduce complications associated with and following general anesthesia [14] [15] [16] [17] [18] [19] [20] . Notably, adjusting the anesthetic drug dose to maintain the BIS at between 40-60 during general anesthesia has been shown to be associated with an 11-27% reduction total anesthetic drug dose and to improve early cognitive recovery [14, 16] . However, little is known about the effects of general anesthesia and BIS monitoring on attention networks in elderly patients.
The hypothesis that drove this study was that BIS monitoring in elderly patients might reduce their overall exposure to anesthetic drugs during surgery and reduce the extent of postoperative attention network dysfunction. The aims of this study were to evaluate the effects of BIS monitoring during surgery for resection of colon carcinoma in elderly patients using the Attention Network Test (ANT) to study alerting, orienting, and executive functions, and to use the Confusion Assessment Method (CAM) to assess the effects of BIS monitoring on the incidence of acute postoperative delirium in this patient group.
Material and Methods

Study participants and ethical approval
This prospective, double-blind, randomized, parallel group study recruited elderly patients with colon carcinoma who underwent general anesthesia and radical surgery at the First Affiliated Hospital of Anhui Medical University, China, between January 2014 and November 2016.
Ethical approval (No. 20130406) was provided by the Ethical Committee of Anhui Medical University, Hefei, Anhui, China in July 2013. All patients provided written informed consent before enrolment in the study, and all procedures were conducted according to the guidelines from the Declaration of Helsinki. This trial has been registered with the Chinese Clinical Trial Registry (ChiCTR-TRC-1800014707).
The study inclusion criteria were: an American Society of Anesthesiologists (ASA) physical status classifications of between I-III; patient age between 65-75 years; a Mini-Mental State Examination (MMSE) score >27 points [21] ; normal vision or corrected visual acuity; duration of surgery expected to be two hours or more; and an anticipated postoperative hospital stay of at least seven days.
The study exclusion criteria were: a diagnosis of Parkinson's disease; a history of transient ischemic attack (TIA) or stroke; liver or renal insufficiency; a diagnosis of Alzheimer's disease; visual or sensory disturbance; language difficulties or significant hearing impairment; and the use of drugs affecting cognitive function.
The patients were randomly allocated to a bispectral index (BIS) monitoring group or a non-BIS (control) group according to a computer-generated assignment sequence. The patients, attending anesthesiologist, and surgeons were blinded to the group allocation. Also, the investigators responsible for postoperative data collection and outcome assessment were blinded to the patient data, including the Attention Network Test (ANT), Confusion Assessment Method (CAM), and MMSE scores and the group allocation.
Anesthetic procedures and interventions
The general anesthesia induction strategy included sufentanil (0.35 μg/kg), propofol (1-2 mg/kg), and vecuronium (0.1 mg/kg). The anesthesia maintenance strategy included intravenous administration of propofol (6-8 mg/kg/h), vecuronium (0.03-0.05 mg/kg/min), and remifentanil (0.1-0.2 μg/kg/min).
For patients in the BIS group, a BIS monitor was used to document the BIS values, and the rate of propofol administration during maintenance of anesthesia was adjusted to maintain the BIS value at between 40-60 [14] . The procedure used for anesthesia in the control group was the same as that used in the BIS group, except that the dose of the anesthetic was not adjusted according to the BIS value. Although a BIS monitor was also used for patients in the control group, the attending anesthesiologists were blinded to the BIS value and were not given visual access to the BIS monitor during induction and maintenance of anesthesia. Instead, for patients in the non-BIS or control group, intravenous anesthesia was adjusted according to clinical experience and intraoperative hemodynamic changes. If the intraoperative blood pressure and heart rate decreased by ³20%, the patient was given vasopressor drugs and the dose of the anesthetic drugs was reduced. If the intraoperative blood pressure and heart rate increased by no more than 20%, the patient was given antihypertensive drugs and the doses of the anesthetic drugs were increased. In both groups (the BIS group and the non-BIS or control group), if the systolic blood pressure fell to less than 20% of the normal value, the fluid infusion rate was accelerated and 5 mg bolus injections of ephedrine were administered. Also, if the heart rate decreased to <60 beats/min, a bolus intravenous injection of 0.3 mg atropine was given. None of the patients received epidural anesthesia or any other form of regional anesthesia. All physicians and anesthesiologists involved in the surgery were senior clinicians with more than five years of relevant clinical experience.
Postoperative analgesia was provided to both groups of patients. During the first 48 hours after surgery, the patients received 100 mL of normal saline solution containing flurbiprofen (100 mg) and sufentanil (2-3 μg/kg), administered by patientcontrolled intravenous analgesia, at an infusion rate of 2 mL/h, and a lockout time of 15 min with 0.5 mL bolus doses. A visual analog scale (VAS) (0=no pain, 10=worst possible pain) was used to evaluate the postoperative management of pain during patient-controlled intravenous analgesia [22] . The VAS score for pain was assessed daily during the first five postoperative days. Patients with a VAS score >3, indicating inadequate analgesia, were excluded from this study because the presence of pain can influence the postoperative assessment of attention network functions, particularly the alerting and executive control networks [23] , and pain would have been a confounding factor.
Attention Network Test (ANT) software
This study used the classical Attention Network Test (ANT) program proposed by Fan and colleagues [24.25] . Firstly, the participant stared at a fixed cross (+) in the center of the computer screen for between 400-1600 ms ( Figure 1 ). Secondly, a cue (*) appeared as a signal for 100 ms. Thirdly, a fixed cross (+) appeared again in the center of the screen for about 400 ms. Finally, the target was presented. After the key target disappeared, participants were asked to press the ¬ or ® button as soon as possible, with a normal reaction time that was expected to be <1700 ms. Each test was divided into four, with four types of cue conditions: no cue, a double cue, a central cue, and a spatial cue.
According to whether the arrow appeared centrally or at either side, the relationship was divided into three conditions: a single arrow above or below the fixed cross (+), five simultaneous arrows pointing in the same direction above or below the fixed cross (+), or five simultaneous arrows pointing in opposite directions above or below the fixed cross (+). The experiment comprised 336 trials, including 24 practices and 312 formal trials, divided into four stages. The total time required for the test was about 30 minutes, and the participants were allowed to rest for between four and five minutes. The reaction time (RT), average response time, and accuracy were determined. The efficiency of the attention network was calculated as follows: Alerting effect=RT (no cue)-RT (double cue) (the higher the value, the more efficient the alerting network). Orienting effect=RT (center cue)-RT (spatial cue) (the higher the value, the more efficient the orienting network). Executive control network effect=RT (incongruent)-RT (congruent) (the smaller the value, the more efficient the executive control network). 
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The alerting network represented the sensitivity to incoming stimuli; the orienting network represented the selection of information from sensory input; and the control network represented the ability to resolve conflicts between feelings, thoughts, and responses [9] . The person who administered the ANT was blinded to the scores obtained for the alerting, orienting, and executive control functions. Patients who did not complete the ANT were excluded from the study.
Data collection
The following information was collected for all participants: age, gender, body mass index (BMI), level of education, MMSE score, ASA classification, and data regarding surgery, which included the duration of anesthesia, the duration of surgery, the volume of transfused blood, and the dose of intravenous anesthetics. Attention network function, including alerting, orienting and executive control functions, was assessed pre-operatively and at day 1 and day 5 postoperatively using the ANT.
Delirium was assessed daily (from 9 am to 11 am) during postoperative day 1 to day 5 using the Confusion Assessment Method (CAM). The sensitivity of the CAM has been reported to be between 94-100% and the specificity is between 90-95% [26] . The diagnosis of delirium by CAM required the presence of the following clinical symptoms and signs: (1) an acute onset of cognitive changes with a fluctuating course, (2) inattention, together with either (3) disorganized thinking, or (4) an altered level of consciousness [27] . To maximize accuracy, a trained researcher with more than five years of professional clinical experience, who was blinded to the group allocation, performed all the tests.
Study endpoints
The primary endpoints were the assessments of alerting, orienting, and executive control functions as determined by the ANT. The secondary endpoint was the incidence of delirium during the first five days after surgery, as determined by the CAM.
Sample size calculation
To calculate the sample size needed to assess the agreement between attention network functions and cognition, t-test statistical analysis was undertaken using G*Power 3.1.9.3 statistical power analysis program. The sample size was increased by 20% to account for potential technical difficulties. Based on this analysis, the aim was to recruit at least 45 patients per study group. 
Statistical analysis
Results
Participant characteristics and study groups
The study flowchart is shown in Figure 2 . Initially, 44 elderly patients were randomized to the bispectral index (BIS) monitoring group (BIS group). However, one patient declined the Attention Network Test (ANT) following surgery, and two patients had a visual analog scale (VAS) score >3 points, resulting in exclusion of three patients and a total number of patients in the BIS group of 41.
Initially, 45 elderly patients were randomized to the non-BIS group. However, five patients were excluded were excluded, as four patients declined the ANT and one patient had a VAS score >3 points, resulting in a total number of patients in the non-BIS group of 40.
The demographic and clinical characteristics of the patients included in the analysis are presented in Table 1 . There were no significant differences between the two groups in age, MiniMental State Examination (MMSE) score, level of education, duration of anesthesia or duration of surgery (Table 1) . Hypotension during anesthesia necessitating the intravenous administration of ephedrine occurred in three patients in the BIS group and five patients in the non-BIS group. No patients required a blood transfusion during surgery.
Total doses of anesthetic and analgesic drugs administered
The total doses of propofol and remifentanil administered during general anesthesia were significantly lower in the BIS group compared with the non-BIS group (P<0.001) ( Data are presented as n (%) or mean ± standard deviation. ANT -attention network test; MMSE -mini-mental state examination.
7789
However, there were no significant differences between the two groups for the total doses of flurbiprofen or sufentanil given for postoperative analgesia (Table 2) .
Attention network function
There were no significant differences between the two groups in pre-operative attention network efficiencies. Both the BIS group and non-BIS group exhibited significant impairment in alerting, orienting, and executive control at postoperative day 1, when compared with the corresponding pre-operative values (all P<0.001) (Figures 3, 4) . However, at postoperative day 5, the BIS group showed significant recovery in alerting (P=0.608), and orienting (P=0.851) functions, which returned to pre-operative levels ( Figure 3 ). However, alerting (P<0.001) and orienting (P=0.01) functions remained significantly impaired in the non-BIS group (Figure 4 ). Both groups showed no recovery of executive control function at postoperative day 5 ( Figures 3, 4) . Direct comparisons showed that the non-BIS group had significantly lower values for alerting effect (P<0.001) and orienting effect (P=0.031) compared with the BIS group at postoperative day 5 (Table 3 ). These data indicate that BIS monitoring during general anesthesia can alleviate postoperative attention network impairment.
Correlation between the total dose of propofol administered during anesthesia and attention network functions
Patient age was significantly correlated with pre-operative alerting function in the BIS group (r=0.72, P<0.001) and non-BIS group (r=0.76, P<0.001). The total dose of propofol administered during general anesthesia was significantly correlated with alerting at postoperative day 1 (r=0.78, P<0.001) and at Table 2 . Total doses of anesthetic medications received by the patients in the two groups.
Data are presented as the mean ± standard deviation. 
Bispectral index (BIS) monitoring values
The BIS monitoring values in the BIS group (51.10±0.83) were significantly higher compared with the patients who were not monitored with BIS during surgery (41.44±0.0.78) (P<0.001).
Acute postoperative delirium
The incidence of delirium during the first five days after surgery was significantly lower in the BIS group at 17% (7/41) compared with the non-BIS group at 27.5% (11/40) (P<0.001).
Discussion
To our knowledge, this study is the first to examine attention network changes in patients after propofol anesthesia using the Attention Network Test (ANT) to study alerting, orienting, and executive functions. The study aimed to evaluate the effects of bispectral index (BIS) monitoring during surgery for resection of colon carcinoma in elderly patients and to compare the findings with a non-BIS monitored group. Also, the Confusion Assessment Method (CAM) was used to evaluate the effects of BIS on delirium during the first five postoperative days in this patient group. The results showed that while patients in both study groups developed attention network function impairment after surgery, those in the BIS group showed recovery of alerting and orienting network functions by postoperative day 5, whereas patients in the non-BIS group showed no such recovery. Neither group showed recovery of executive network efficiency within the first five postoperative days. Also, the total doses of propofol and remifentanil administered during surgery were significantly lower in the BIS group compared with the non-BIS group, and the incidence of postoperative delirium was significantly lower in the BIS group compared with the non-BIS group. These results showed that BIS-guided anesthesia can decrease anesthetic exposure, promote early postoperative recovery of attention network functions, and reduce the incidence of postoperative delirium in elderly patients undergoing surgery for colon carcinoma.
The optimal BIS level during surgery has been reported to be between 40-50 [16, 19] . A finding of the present study was Table 3 . Attention network test efficiencies for patients in the two groups.
Data are presented as the mean ± standard deviation.
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that the total doses of propofol and remifentanil administered during surgery were significantly lower in the BIS group compared with the non-BIS group. This finding is supported by previously published studies that have shown that BIS monitoring during surgery reduces the levels of general anesthetics administered [14, 15, 17, 28] , resulting in advantages that include shorter times to extubation, improved orientation in time and place, and earlier discharge from the operating room or postanesthetic care unit, as well as a lower risk of postoperative nausea and vomiting, resulting in reduced health costs [15, 18] .
Age, anesthesia, and surgery are risk factors for postoperative cognitive dysfunction (POCD) [6] . In the present study, BIS monitoring was shown to significantly alleviate postoperative attention network impairment in elderly patients. Previous studies have shown that BIS monitoring can reduce postoperative cognitive impairment. Chan et al. reported that patients with BIS monitoring during anesthesia had a lower rate of POCD at three months following surgery (10.2%) when compared with patients without BIS monitoring during anesthesia (14.7%) [17] .
A meta-analysis of clinical studies also concluded that BIS monitoring reduced the incidence of POCD at three months after surgery [18] .
The finding from the present study, that age was strongly correlated with alerting, is supported by the findings from a previously published study [5] . Therefore, elderly patients may be at particular risk of postoperative impairment of alerting function. In the current study, the alerting, orienting, and executive attention functions were significantly impaired in both groups of patients (the BIS group and the non-BIS group) at postoperative day 1 compared with the pre-operative values. At postoperative day 5, the alerting and orienting functions had recovered in the BIS group but not in the non-BIS group. The findings from the present study, that BIS monitoring reduced propofol dose and postoperative cognitive impairment, is supported by the findings from previous studies [15, 20] .
The mechanisms by which general anesthetics affect alerting, orienting, and executive attention functions and cause POCD remain unknown. It is possible that POCD may involve hippocampal and extra-hippocampal dysfunction [29] , and may be due to effects on changes in the levels of neurotransmitters, including norepinephrine, acetylcholine, and dopamine [24, [30] [31] [32] [33] . Since attention network functions have different anatomical locations and neurochemical mechanisms, it is possible to propose that propofol anesthesia may have more substantial effects on the frontal lobe, parts of the parietal lobe, and the temporoparietal regions of the brain that are associated with executive control and orienting network functions.
In the present study, the incidence of delirium during the first five days after surgery was much lower in the BIS group compared with the non-BIS group, which is a finding supported by previously published studies [16] [17] [18] . These findings further support the potential benefits of BIS monitoring in elderly patients undergoing general anesthesia for major surgery.
This study had several limitations. The levels of biomarkers in the blood and cerebrospinal fluid (CSF) that might be related to cognitive changes were not measured. Also, patients may not be willing to undergo the ANT in the immediate postoperative period or may provide responses that are affected by cognitive changes. The study sample size in the two study groups was relatively small and further studies are required to confirm and extend the study findings. The follow-up period in this study was short, at only five days, and so the association of the ANT results and the long-term occurrence of POCD and delirium require further study. The CAM evaluation was administered in the morning to avoid disturbing the patients during their recovery, as most patients were resting or sleeping during the evening and at night, but delirium typically manifests during the evening or night. Also, data regarding postoperative opioid use in patient-controlled analgesia at the time of ANT was not recorded. Because opioid use can affect cognitive function, there is the possibility that that differences in postoperative opioid use at the time of the ANT contributed to the observed differences between the study groups.
Conclusions
In elderly patients undergoing radical surgical resection of colon carcinoma, bispectral index (BIS) monitoring during anesthesia, assessed using the Attention Network Test (ANT) to study alerting, orienting, and executive functions, was associated with reduced intravenous propofol anesthetic exposure, early postoperative recovery of alerting and orienting functions by postoperative day 5. In this patient group, the findings from the Confusion Assessment Method (CAM) showed that BIS monitoring during anesthesia reduced postoperative delirium. The findings of this study support the use of BIS monitoring to guide the administration of general anesthesia in elderly patients.
